Nitrate uptake by roots of cowpea ( Vigna unguiculata) was measured using '5N03-, and the energy cost to the root was estimated by respirometry. Roots of 8-day-old cowpea seedlings respired 0.6 to 0.8 milligram CO2 per plant per hour for growth and maintenance. Adding 10 millimolar NO3-to the root medium increased respiration by 20 to 30% during the following 6 hours. This increase was not observed if the shoots were in the dark. Removal of NO3-from the root medium slowed the increase of root respiration. The ratios of additional respiration to the total nitrogen uptake and reduced nitrogen content in roots were OA gram C per gram N and 2.3 grams C per gram N, respectively. The latter value is close to theoretical estimates of nitrate assimilation, and is similar to estimates of 1 to 4 grams C per gram N for the respiratory cost of symbiotic N2 fixation.
Applying nitrate to legumes usually stimulates vegetative dry matter production and improves seed yield compared with plants dependent on symbiotic N2 fixation throughout growth. Soybean plants grown in the field are estimated to obtain from 25 to 60% of their total N from symbiotic N2 fixation (17) . The remainder of the N in plants must be derived from soil, primarily as N03 .
Nitrate assimilation, like symbiotic N2 fixation, requires energy to provide the ATP and reducing power to reduce NO3-to NH4', and to incorporate the NH4' into organic compounds. The energy costs to legumes using nitrate have been estimated in several studies (1, 9, 12, 15) . Almost all experiments, however, have been done by comparing energy costs between non-nodulated NO3-fed plants and nodulated N2-fed plants. Pate et al. (12) estimated CO2 ioss per unit N assimilated in white lupin roots as 10.2 mg C/mg N by the nodulated root, and 8.1 mg C/ mg N by the nonnodulated N03--fed roots. Neves et al. (9) estimated C consumption by nodulated and nonnodulated cowpea roots as 8.0 and 4.5 mg C/mg N assimilated, respectively. Atkins et al. (2) Time (h) RESULTS CO2 production by cowpea roots was measured for 6 h after adding 10 mM NaNO3 (Fig. 1) . There was an increase in respiration from roots receiving 10 mm NaNO3 but not from those treated with 10 mM NaCl or fresh unamended culture solution. The requirement for NO3-to maintain increased root respiration is shown in Figure 2 . At 6 h, the root medium was replaced with fresh medium containing 10 mM NaNO3, or with fresh medium lacking nitrate. Root respiration was measured for another 6 h. Replacement with fresh medium containing NO3-maintained the respiration increase. On the contrary, after removal of NO3-the respiration rate hardly changed. The increase in root respiration was only observed if the shoots were in the light (Fig. 3) .
Nitrate reductase activity was induced in the seedlings within 2 h after addition of 10 mm NaNO3 (Fig. 4) . The activity in roots was lower than in leaves and stems.
The change in respiration rate of three samples, consisting of three plants each, was monitored for 8 h after addition of 10 mm KNO3 containing 97.9 atom % "N excess. These samples were used for analysis of total-N, NO3-N, and "N. "N enrichment of total-N was highest in roots and was almost twice that in unifoliolate leaflets. "N enrichment in stems with petioles and trifolioliate leaves was quite low, and was a third ofthat in unifoliolate leaves (Table I) . Forty-three percent of the total N taken up during 8 h remained in roots, while 51% and 6% were partitioned to the unifoliolates, and stem with petioles and bud, respectively. Sixty-three percent ofthe N taken up and remaining in the roots was NO3-. Approximately 95% of the N in unifoliolates was reduced-N. The proportions of N03 -N and reduced-N were equal in stem with petioles and trifoliolate bud.
There was no detectable lag in the increase in respiration. During 8 h, the additional respiration stimulated by NO3-was 164 sg C plant-' (Table I ). The energy cost of NO3-assimilation in cowpea roots was calculated from the data. The values of AC loss from roots/A total-N in whole plant (g/g ± SE) and AC loss from roots/A reduced-N in roots (g/g ± SE) were 0. (Fig. 1) . This increase in respiration required the continued presence of N03 (Fig. 2) . 
/
Both sets of plants (0, A) were incubated in 10 mM NaNO3. At 6 h, root medium was replaced with fresh medium containing 10 mm NaNO3 (0) or fresh medium lacking nitrate (A). There The increase of root respiration required light on the shoots (Fig. 3) , indicating that photosynthate supply from shoot to root may be necessary (1 1). A lag phase before the increase of root respiration was frequently observed in some lots of seedlings (cf. Fig. 2 ). Similar lags have been reported previously for N03 absorption ( 10, 16) and nitrate reductase induction (10) in roots.
The energy cost of nitrate assimilation in cowpea roots was calculated as 2.60 ± 0.55 g C/g reduced-N based on AC loss from roots/A reduced N in roots. In our experiments, the respiration rate of roots of untreated plants was almost constant over porated into asparagine (1, 12) . In our calculations, transport of the reduced N which was transported from roots to shoots through xylem was not considered. However, it is likely that in the present study only a small proportion of the N taken up during the measurement period was transported to shoots as reduced N. Rufty et al. (14) reported that when soybean roots are fed I5N-NO3, considerable amounts of reduced '4N from preexisting pools are transported into xylem, but almost all of the "5N which is exported to the shoot in xylem was in the "5NO3-form.
Crafts-Brander and Harper (4) also reported that a low percentage of newly taken up nitrate is in the form of reduced N versus NO3-N in xylem exudate: 5.2% at 1.5 h and 10.7% at 3 h after transferring plants into '5N-NO3-solution (these values were calculated from their data). These values are probably high compared to those obtained in our study because they were obtained from plants which had an active nitrate reduction system in the roots when '5N-NO3-was applied. The roots used here did not have nitrate reductase activity when the NO3-was supplied, and when the nitrate reductase acticity was induced in roots it was much lower in activity than that in leaves or stems (Fig. 4) . This indicates that almost all of the N was transported from root to shoot as NO3-. We conclude that the estimated cost of 2.6 g C/g reduced-N for NO3-assimilation in roots is consistent with our knowledge of the process. The cost is of the same order of magnitude as estimates of 1 to 4 g C/g N for the respiratory cost of N2 fixation (3, 8, 13) .
